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Data collection 
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(SADABS; Bruker, 2009) 
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R in , = 0.030 



Hoong-Kun Fun, a *t Suhana Arshad, 3 B. Garudachari, b 
Arun M. lsloor b and M. N. Satyanarayan c 

a X-ray Crystallography Unit, School of Physics, Universiti Sains Malaysia, 1 1 800 
USM, Penang, Malaysia, b Organic Chemistry Division, Department of Chemistry, 
National Institute of Technology-Karnataka, Surathkal, Mangalore 575 025, India, 
and c Department of Physics, National Institute of Technology-Karnataka, Surathkal, 
Mangalore 575 025, India 
Correspondence e-mail: hkfun@usm.my 

Received 26 May 201 1 ; accepted 30 May 201 1 

Key indicators: single-crystal X-ray study; T = 296 K; mean cr(C-C) = 0.005 A; 
R factor = 0.054; wR factor = 0.206; data-to-parameter ratio = 16.6. 



The asymmetric unit of title compound, C15H9QF2O3, consists 
of two crystallographically independent molecules. The 
dihedral angle between the two terminal benzene rings in 
one molecule is 7.92 (14)°, while that in the other molecule is 
73.50 (16)°. In the crystal, molecules are stacked into columns 
along the b axis by intermolecular C— H- ■ O hydrogen bonds. 
A 7t-7T interaction with a centroid-to-centroid distance of 
3.747 (2) A further stabilizes the crystal structure. 

Related literature 

For background to and applications of phenacyl benzoates, 
see: Rather & Reid (1919); Sheehan & Umezaw (1973): 
Ruzicka et al. (2002); Litera et al. (2006); Huang et al. (1996) 
Gandhi et al. (1995). For reference bond-length values, see 
Allen et al (1987). 




Experimental 

Crystal data 

C 15 H 9 C1F 2 0 3 
M r = 310.67 
Monoclinic, Plj/c 
a = 16.0179 (17) A 
b = 7.9609 (8) A 



c = 24.0172 (18) A 
P = 115.939 (5)° 
V = 2754.1 (5) A 3 
Z = 8 

Mo Ka radiation 



Refinement 

R[F 2 > 2a(F 2 )} = 0.054 

wR(F 2 ) = 0.206 

S = 1.03 

6308 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



379 parameters 

H-atom parameters constrained 
A/tw = 0.33 e A~ 3 
A/w = -°- 32 e A ~ 3 



D-H- - A 


D-H 


H- ■ A 


D- ■ A 


D-H- - A 


C8.4-H8.4B- ■ 03B 


0.97 


2.60 


3.451 (4) 


147 


C&A—YS&AA- ■ -Olff 


0.97 


2.42 


3.294 (3) 


149 


C5B-H5BA- ■ 03^" 


0.93 


2.50 


3.376 (4) 


158 


C8B-H8BB- ■ 03A" 


0.97 


2.58 


3.415 (3) 


144 


C14B-H14B- ■ OL4"' 


0.93 


2.59 


3.216 (5) 


125 


Symmetry codes: (] 
-X +l,-y+ 1,-2 + 2. 


) x,y- 


l, z; (ii) 


-x+l,y + i. 


+ (ffl) 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: IS2722). 
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2-(4-Chlorophenyl)-2-oxoethyl 2,4-difluorobenzoate 

H. -K. Fun, S. Arshad, B. Garudachari, A. M. Isloor and M. N. Satyanarayan 
Comment 

Phenacyl benzoates derivatives are very important in identification of organic acids (Rather & Reid, 1919), they undergo 
photolysis in neutral and mild conditions (Sheehan & Umezaw, 1973; Ruzicka et ah, 2002; Litera et ah, 2006). They find 
applications in the field of synthetic chemistry for the synthesis of oxazoles, imidazoles (Huang et ah, 1996), benzoxazepine 
(Gandhi et ah, 1995). We hereby report the crystal structure of 2-(4-chlorophenyl)-2-oxoethyl 2,4-difluorobenzoate of po- 
tential commercial importance. 

The asymmetric unit of the title compound (Fig. 1), consists of two crystallographically independent molecules .4 and B. 
Both terminal phenyl rings (C1-C6 and C10-C15) in molecules A and B make dihedral angles of 7.92 (14) and 73.50 (16)° 
to each other, respectively. The bond lengths (Allen et ah, 1987) and angles are within normal ranges. 

The crystal packing is shown in Fig. 2. The intermolecular C8A — H8AB-03B hydrogen bond linked the molecule A 
with molecule B together. The molecules are linked into columns along the b axis by the intermolecular C8A — H8AA-0 IB, 
C5B— H5BA03A, C8B — H8BB—03A and C14B— H14B 01A hydrogen bonds (Table 1). A 71-71 interaction further 

stabilizes the crystal structure [Cgl-Cg2 ll = 3.747 (2) A; Cgl and Cg2 arecentroids of C1B-C6B andC10B-C15B benzene 
ring, respectively]. 

Experimental 

A mixture of 2,4-difluorobenzoic acid (1.0 g, 0.0063 mol) potassium carbonate (0.95 g, 0.0069 mol) and 2-bromo-l-(4- 
chlorophenyl)ethanone (1.41 g, 0.0063 mol) in dimethylformamide (10 ml) was stirred at room temperature for 2 h. On 
cooling, colourless needle-shaped crystals 2-(4-chlorophenyl)-2-oxoethyl 2,4-difluorobenzoate begin to separate. It was 
collected by filtration and recrystallized from ethanol. Yield: 1.65 g, 84.1%. M.p.: 376-377 K. 

Refinement 

All H atoms were positioned geometrically (C — H = 0.93 or 0.97 A) and refined using a riding model with (7i S0 (H) = 

I. 2f/ eq (C). Four reflections, -6 4 4, -6 5 8, -1 1 1 and -1 4 10, were omitted. 



Figures 




Fig. 1. The molecular structure of the title compound, showing two independent molecules 
with atom labels with 50% probability displacement ellipsoids. 
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Fig. 2. The crystal packing of the title compound. Dashed lines represent the hydrogen bonds. 



2-(4-Chlorophenyl)-2-oxoethyl 2,4-difluorobenzoate 



Crystal data 

C15H9CIF2O3 
M r = 310.67 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 16.0179 (17) A 
b = 7.9609 (8) A 
c = 24.0172 (18) A 
(3= 115.939 (5)° 

V= 2754.1 (5) A 3 

Z=8 



^(000) = 1264 

D x = 1.499 MgrrT 3 

Mo £a radiation, X. = 0.71073 A 

Cell parameters from 3882 reflections 

6 = 2.6-22.5° 

li = 0.31 mm 1 

7=296K 

Needle, colourless 

0.55 x 0.26 x 0.09 mm 



Data collection 



Bruker SMART APEXII DUO CCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

(p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 

r min = 0.850, r max = 0.974 

17424 measured reflections 



6308 independent reflections 

3353 reflections with / > 2a(7) 
R int = 0.030 

6max = 27.5°, 0 m i n = 1.8° 

/j = -20^19 



k = -10- 
l = -3l- 



+ 10 
►31 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o{F 2 )] = 0.054 
wR(F 2 ) = 0.206 
S= 1.03 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 



w= V[c 2 (F 0 2 ) 



(0.114P) 2 + 0.0306P] 



where P = (F 0 Z + 2F c z )/3 
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6308 reflections 
379 parameters 
0 restraints 



(A/0) max = 0.001 
Ap m ax = 0.33 e A~- 
Apmin = -0.32 e A 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and if- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




C11A 


0.01833 (6) 


0.69373 (15) 


0.67059 (4) 


0.1116(4) 


F1A 


0.77697 (12) 


0.3081 (3) 


1.00087 (8) 


0.1006 (6) 


F2A 


0.80582 (16) 


-0.0433 (3) 


1.16292 (10) 


0.1139 (7) 


OlA 


0.32955 (14) 


0.3728 (3) 


0.93888 (9) 


0.0827 (6) 


02A 


0.49808 (12) 


0.3539 (2) 


0.95029 (8) 


0.0654 (5) 


03A 


0.60473 (13) 


0.3792 (3) 


0.91508 (8) 


0.0869 (7) 


CIA 


0.1715 (2) 


0.4728 (4) 


0.83169 (14) 


0.0734 (8) 


H1AA 


0.1615 


0.4076 


0.8603 


0.088* 


C2A 


0.0965 (2) 


0.5297 (4) 


0.77968 (15) 


0.0828 (9) 


H2AA 


0.0364 


0.5010 


0.7727 


0.099* 


C3A 


0.11135 (19) 


0.6286 (4) 


0.73861 (13) 


0.0718 (7) 


C4A 


0.1996 (2) 


0.6748 (4) 


0.74836 (13) 


0.0710 (7) 


H4AA 


0.2086 


0.7461 


0.7208 


0.085* 


C5A 


0.27448 (19) 


0.6134 (4) 


0.79980 (12) 


0.0661 (7) 


H5AA 


0.3343 


0.6413 


0.8061 


0.079* 


C6A 


0.26202 (17) 


0.5109 (3) 


0.84226 (11) 


0.0570 (6) 


C7A 


0.34074 (18) 


0.4379 (3) 


0.89723 (11) 


0.0589 (6) 


C8A 


0.43456 (17) 


0.4445 (3) 


0.89777 (11) 


0.0608 (6) 


H8AA 


0.4319 


0.3949 


0.8601 


0.073* 


H8AB 


0.4547 


0.5603 


0.8999 


0.073* 


C9A 


0.58203 (18) 


0.3275 (3) 


0.95319 (11) 


0.0590 (6) 


C10A 


0.64078 (17) 


0.2283 (3) 


1.00863 (11) 


0.0573 (6) 


C11A 


0.73636 (19) 


0.2215 (4) 


1.03031 (12) 


0.0667 (7) 


C12A 


0.7933 (2) 


0.1312(4) 


1.08180 (13) 


0.0754 (8) 


H12A 


0.8572 


0.1285 


1.0954 


0.091* 


C13A 


0.7515 (2) 


0.0455 (4) 


1.11226 (13) 


0.0760 (8) 


C14A 


0.6584 (2) 


0.0462 (4) 


1.09386 (13) 


0.0758 (8) 


H14A 


0.6325 


-0.0152 


1.1154 


0.091* 


C15A 


0.6027 (2) 


0.1400 (3) 


1.04240(12) 


0.0649 (7) 



sup-3 



supplementary materials 



H15A 


A CI AA 

U. j3VU 


A 1 A A A 
U. 1444 


1 AQ A 1 
1.0301 


A A*7Q * 
0.0 


CUB 


A A 1 "7 CI /"7\ 

-U.U1 /j3 (/) 


1 AAA*7A C\ 0\ 

i.oyy /y (18) 


0.J /3yo (D) 


A 1 1A*7 ( Q\ 

0.130 / (5) 


17 1 D 

r IB 


A "7A0/1 1 /1 C\ 
U. /0Z41 (Ij) 


i.uo4y ) 


0.5303 / (10) 


a 1 ion (c\\ 
O.lZoO (y ) 


F2B 


a ait "\ a /1 z:\ 

0.92324 (16) 


A O O/I t> / A \ 

0.8868 (4) 


1 A101C/1 A\ 

1.01835 (10) 


A mo (o\ 

0.1338 (8) 


CUB 


0. 41561 (18) 


1.14/0 (3) 


A *7A*71 Q /1 A\ 
0. ly 1 DO (10) 


A 1 AAA (H\ 
0.1000 ( /) 


(J2B 


A C/11 1*7 / 1 /I \ 

0.541 17 (14) 


A C\Z£LC /"*J ^ 

0.9566 (3) 


0.78473 (8) 


A A OT A < C\ 

0.0834 (6) 


U3B 


u.4y /sy (io) 


a cms /i~\ 
U.6UZ6 (3 j 


A OA A Q~J i 1 1 \ 

U.8445 / (1 1 j 


A 1 A1£ 

0.1030 (o ) 


C1B 


a to/1 o 
U.ZZ46 (3 ) 


1.1046 (4) 


A 71 A-7/: /1 /1^ 

U. / ly lb (14) 


A AOO (C\\ 

o.oozo (y ) 


H1BA 


0.2467 


1 O 1 A A 

1.2199 


0.7577 


A AAA* 

O.Oyy* 


CZB 


a nil 
U. 13ZZ (J ) 


1 1 "71 1 

1.1 /33 (5) 


u.o /yoa (loj 


A AA1 C ( 1 C\\ 

o.oy3j (io) 


H2BA 


A AH 1 c 

o.oy 15 


1.Z341 


0.6y02 


Alii* 

0.112* 


C3B 


A 1 AAA /">\ 
U. lUUU (Z) 


1 AAA/; 

i.uyuo (4) 


U.0Z3 /6 (13) 


A AOI O SCt\ 

0.0838 (y) 


C4B 


A 1 CAA 

u. isyu (Z) 


1 AA1 1 / A\ 

1.UU31 (4) 


A /:A"7A1 /I ">\ 

0.OU/U3 (1Z) 


A AO 1 C (C\\ 

0.08I0 (y) 


rl4BA 


U. 1305 


A A/1 (1? 

u.y4y5 


U.5056 


A AAO* 

o.oyo^ 


C5B 


0.2515 (2) 


A A AC 1 / A\ 

o.yy53 (4) 


A £. A "7 A A /1U 

0.6470y (11) 


A A*7 1 *7 /"7\ 

0.0717 (7) 


H5BA 


0.2916 


0.9357 


0.6358 


A A O/T sfe 

0.086* 


CoB 


U.Z505 (Z) 


1.0 /5U (3) 


a nr\A An i \ 
U. /U44y (11) 


A f\& A A {H\ 

0.0644 ( /) 


C/B 


U.3S48 (Z) 


1.U00 / (3) 


A "7 Adi^A /1">\ 

U. /4yo4 (1Z) 


0.06y6 ( /) 


CoB 


A A Am / 0\ 

U.44 /y (Z) 


A A/1 Q A 

u.y4sy (5 ) 


u. /3oyo (iz) 


A AQAC fQ\ 

o.ooOj (y) 


non A 

HaBA 


A A1 A O 

U.4Z46 


ACT CA 

U.635U 


A "71 1 A 

U. /33y 


A AA*7* 

o.oy /* 


H8BB 


0.4475 


A A"7"7 O 

0.9778 


0.6976 


A AA*7 sk 

0.097* 


cyB 


U.55 11 (Z) 


A Q"7AC (A\ 

U.5 /y5 (4) 


U.53 /0U (13) 


0.0 /02 ( /) 


r^i Ai3 
C1UB 


A £C/1 /I C (\ Q\ 

U. 05445 (ly) 


u.syzz (3 j 


u.564yi (iz) 


o.oozy ( /) 


1 1 T5 
CI IB 


u. /ziy (z) 


A (\0 A A i A\ 

U.y844 (4) 


A t> OA A A /I 1\ 

U.88Uuy (13) 


A A*7C*7 fO\ 

0.0757 (8) 


C1ZB 


U.6133 (Z) 


A AOI O 

U.y»36 (5) 


A ATI K /1 C\ 

U.yZ315 (15) 


A AOOT /A\ 

u.uasz (y) 
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C13B 


0.8352 (2) 


0.8877 (5) 


0.97465 (14) 


0.0862 (9) 


C14B 


0.7698 (3) 


0.7944 (4) 


0.98378 (14) 


0.0864 (9) 


H14B 


0.7858 


0.7300 


1.0193 


0.104* 


C15B 


0.6810(2) 


0.8001 (4) 


0.93878 (13) 


0.0757 (8) 


H15B 


0.6359 


0.7390 


0.9445 


0.091* 



Atomic displacement parameters (A 2 ) 





U u 


U 22 


t/ 33 


U 12 


U u 


U 2i 


C11A 


0.0784 (6) 


0.1292(9) 


0.1112 (7) 


0.0192 (5) 


0.0266 (5) 


0.0172 (6) 


F1A 


0.0685 (11) 


0.1358 (18) 


0.1080 (13) 


-0.0061 (10) 


0.0484 (10) 


0.0250 (11) 


F2A 


0.1271 (17) 


0.1155 (17) 


0.1067 (13) 


0.0402(13) 


0.0580 (13) 


0.0393 (12) 


OlA 


0.0813 (13) 


0.0993 (16) 


0.0837 (12) 


-0.0051 (11) 


0.0511 (11) 


0.0162 (11) 


02A 


0.0666 (11) 


0.0714 (12) 


0.0692 (10) 


0.0014 (9) 


0.0398 (9) 


0.0027 (9) 


03A 


0.0691 (12) 


0.130 (2) 


0.0746 (11) 


-0.0026 (11) 


0.0432 (10) 


0.0174(11) 


CIA 


0.0694 (18) 


0.0748 (19) 


0.0922 (18) 


-0.0099 (15) 


0.0504(16) 


0.0013 (15) 


C2A 


0.0612(17) 


0.091 (2) 


0.107 (2) 


-0.0066 (15) 


0.0467 (17) 


0.0037 (18) 


C3A 


0.0655 (17) 


0.0686 (18) 


0.0827 (17) 


0.0034 (14) 


0.0337 (14) 


-0.0080 (14) 


C4A 


0.0788 (19) 


0.0675 (18) 


0.0772 (16) 


0.0013 (14) 


0.0437 (15) 


0.0051 (14) 


C5A 


0.0656 (16) 


0.0652 (17) 


0.0790 (16) 


-0.0064 (13) 


0.0420 (14) 


-0.0023 (13) 


C6A 


0.0631 (15) 


0.0524 (14) 


0.0665 (13) 


-0.0075 (11) 


0.0386 (12) 


-0.0110(11) 


C7A 


0.0722 (17) 


0.0505 (14) 


0.0670 (14) 


-0.0098 (12) 


0.0426 (13) 


-0.0107 (12) 
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A AO/1 o n o\ 

U.Uo4o (lo) 


A AACC (\ f\ 

U.UU J J (10) 


A ACOA 

U.UjoU 


(18) 


A AA 1 A (\ C\ 

u.uuiy (i j) 


PICA 


A A777 /I T\ 

U.U /ZZ (1 / J 


A ACOC (\ C\ 

U.Ujoj (lo) 


a A7/i c nn 
U.U /4j (13) 


A AAA/; (\ X\ 

u.uuyo (13) 


a A/11/: 
U.U410 


(14) 


A AA7C (\ X\ 

U.UU / J (13) 


CI 1£5 


u.uy4z ( /) 


U. 15 JO (13) 


A 1 A/1 A (~}\ 

U. 1U4U ( / ) 


a A/i 70 (n\ 
U.U4 /o ( /) 


U.U3 JO 




A AA/1 1 (n\ 
U.UU41 ( /) 


r 1£5 


U.1U03 (lo) 


U. 1 J4 (Z) 


a nn /i c\ 
U.1Z1 1 (1 j) 


A A17 1 /I A\ 

U.U3Z1 (14) 


A A/1 7/1 

U.U4 /4 


(13) 


A A^l^ (\ A \ 

U.UJ30 (14) 


rZ£5 


A AAA 1 /I C\ 

u.uyui (1j) 


A 1 Q 1 /7\ 

U. lol (Z) 


A 1 AO 1 /I C\ 

U.lUol (l->) 


A A1 A 1 /I C\ 

U.U141 (1 ->) 


0.0231 


(13) 


A AI TA (\ C\ 

U.U13U (1 J) 


<Jlr> 


A 1 1 £C ( \ Ci\ 

u.iioj (iy) 


A AC7 1 (\ £.\ 

U.Uo / I (lo) 


A AA10 (\ C\ 

u.uyjo (i j) 


AA1CC^11\ 

— U.UIjj (13) 


0.0435 


(14) 


a ah/1 (\ 7^ 
— U.U334 (IZ) 


MOD 


A A7Q/1 /'I /1\ 

U.U /y4 (14) 


A 1 1 A/1 /'I 7\ 

U.11U4 (1 / ) 


A A7AC1 ( \\ \ 

u.u /uy (ii) 


A A 1 C 1 ( 1 7\ 

— U.U1 M (IZ) 


0.0426 


(11) 


A AA1 A ( 1 1 \ 

— U.UU34 (11) 


Cits 


A AO 7Q (\\ C\ 

u.uo /y (io) 


A AQ7Q (\ ~}\ 

u.uy /o (i i) 


A 1 TCI /I 0\ 

U.1ZJ3 (lo) 


A A7Q/1 1\ 

U.UZy4 (13) 


0.0468 


(14) 


A A7AC (\ A\ 

U.UZUJ (14) 


i r> 
Clr5 


A 1 AQ (X\ 

u.iuy (3 ) 


A A7C /7\ 
U.U / J \L) 


A AOA1 (\ Q\ 

U.UoUl (lo) 


A AAA 1 i"\ 7\ 

U.UUU1 (1 /) 


0.0553 


(19) 


A AI CI (\ C\ 

U.U 1 J 1 (1 J) 


CZr5 


A 1 A£ <"1\ 

U.lUo (3 ) 


A AAC 

u.uy j \ j ) 


u.uyo (z ) 


A AT f\ (1\ 

U.UZO (Z) 


0.059 (2) 


u.uu4u ( iy) 


f • T T » 


A AO C 

U.UoJ (Z) 


A AA7 

u.uy / (Z) 


A A7/i/1 (\ H\ 

U.U /o4 (1 /) 


A A770 (\ H\ 

U.UZZo (1 /) 


0.0423 


(16) 


A AAflO (\ &\ 

u.uuyo (io) 


C4r5 


A AQ7 /")\ 

U.Uo / (Z) 


A 1 AT 

U. 1UZ (ZJ 


A A^AO (\ C\ 

U.UoUo (13) 


a ai c.7 (\ n\ 
U.U1 jZ (1 /) 


0.0365 


(16) 


A AA1Q (\\ C\ 

U.UU35 (1 J) 


Cj£> 


A AOC /7"\ 
U.Uo J (Z J 


A A7Q /7\ 
U.U /O (ZJ 


A A/iCC /I C\ 
U.UOJJ (1 3) 


A AA07 (\ C\ 

U.UUoZ (13) 


0.0451 


(15) 


A AA 17 

U.UU1Z (13 ) 


Cor> 


u.uoo4 (iy) 


U.UJ 34 (1 0) 


A A^/i/l /I /1\ 

U.U004 (14) 


A AA7 1 /1 a\ 
U.UUZ 1(13) 


0.0472 


(14) 


a aa 10 n 7\ 
U.UU 1 0 (IZ) 


C/r> 


A AQI /")\ 

u.uyj (z j 


A AC Q Q /I r J\ 

U.Ujoo (1 / ) 


A A7AT (\ C\ 

U.U /UZ (1-)) 


A AI AA /I A \ 

u.uiyu (14) 


0.0481 


(16) 


A AAQQ ( 1 T\ 

u.uuyy (13) 


POD 


A A77 
U.U / / (Z) 


A 1 AT /")\ 

U. 1U3 [Z) 


a A/;/;c (\ c\ 
U.UOOJ (13) 


U.UUOO (10) 


0.0357 


(15) 


A A1 1 O (\ C\ 

U.U135 (1 J) 


cyt> 


A A7QA fl Q\ 

u.u /yu (iy) 


U.UdZj (1 / ) 


A a 07 1 /I 7\ 

U.UoZl (1 /) 


A AI A 1 /I C\ 

U.U141 (13) 


0.0470 


(15) 


A A 1 A/] (\A\ 

U.U1U4 (14) 


C10B 


0.0774 (18) 


A AC A 1 /1 

0.0541 (16) 


A A*7T7 /I 

0.0727 (15) 


A A1A*7 /I 1\ 

-U.U1U / (13) 


0.0473 


(14) 


A A A O A ( ~\ 

-U.UUo4 (Iz) 


CUB 


0.089 (2) 


0.0713 (19) 


0.0778 (17) 


-0.0086 (16) 


0.0466 


(17) 


0.0091 (15) 


C12B 


0.080 (2) 


0.100 (3) 


0.094 (2) 


-0.0243 (18) 


0.0477 


(18) 


-0.0006(19) 


C13B 


0.075 (2) 


0.103 (3) 


0.0771 (18) 


-0.0093 (18) 


0.0295 


(16) 


-0.0089 (17) 


C14B 


0.107 (3) 


0.086 (2) 


0.0711 (17) 


-0.0115 (19) 


0.0433 


(18) 


0.0055 (16) 


C15B 


0.095 (2) 


0.0682 (19) 


0.0792 (17) 


-0.0194(15) 


0.0523 


(17) 


-0.0038 (14) 



Geometric parameters (A, °) 



C11A — C3A 


1.740 (3) 


CUB— C3B 


1.735 (3) 


F1A— C11A 


1.342 (3) 


FIB— CUB 


1.351 (3) 


F2A— C13A 


1.346 (3) 


F2B— C13B 


1.340 (4) 


Ol A — C7A 


1.207 (3) 


OIB — C7B 


1.216 (3) 


02A— C9A 


1.332 (3) 


02B — C9B 


1.330 (3) 


02 A — C8A 


1.423 (3) 


02B — C8B 


1.432 (3) 


03A— C9A 


1.196 (3) 


03B — C9B 


1.204 (3) 


CIA— C2A 


1.377 (4) 


CIB— C2B 


1.372 (5) 


CIA— C6A 


1.392 (4) 


CIB— C6B 


1.393 (4) 


CIA— H1AA 


0.9300 


CIB— H1BA 


0.9300 


C2A— C3A 


1.362 (4) 


C2B— C3B 


1.377 (5) 


C2A— H2AA 


0.9300 


C2B— H2BA 


0.9300 


C3A— C4A 


1.378 (4) 


C3B— C4B 


1.368 (4) 


C4A— C5A 


1.381 (4) 


C4B— C5B 


1.370 (4) 


C4A— H4AA 


0.9300 


C4B— H4BA 


0.9300 


C5A— C6A 


1.387 (3) 


C5B— C6B 


1.393 (3) 


C5A— H5AA 


0.9300 


C5B— H5BA 


0.9300 
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t~*£L A P*7 A 

CoA — C /A 


1 A OO (A \ 

1.4oo (4) 


P*7 A P O A 

C/A — Co A 


1 a no (i \ 
1.4^0 (3) 


PQ * TTQ * * 

CoA — hloAA 


n mnn 
U.V /UU 


PQ A TTQ A O 

CoA — rioAB 


fi Q"7flfl 

U.V /UU 


pn a n aa 
CV A — C 1 UA 


1 A *7A (A \ 

1.4 /y (4) 


C 1 UA — C 1 1 A 


1 1 0£ \ 

1.3oo (4) 


C 1 UA — C 1 J A 


l.3vy (3) 


pi 1 A PHA 

CI 1A — C1ZA 


1 1 *7C //I \ 

1.3 /j (4) 




1 . J / U f 


C12A — H12A 


0.9300 


CI 3 A — C14A 


1.357 (4) 


C14A — C15A 


1.384 (4) 


C14A — H14A 


0.9300 


CI 5 A — H15A 


0.9300 


Pfl A PI A po A 

CvA — <JZA — CoA 


1 1 £ 1Q / 1 Q\ 

Ho.13 (lo) 


PI A pi A P/C A 

CZA — C 1 A — Co A 


1Z1.3 (3) 


PI A p 1 A TJ1AA 

CZA — CIA — 1 1 1 A A 


11V.3 


1 • A a P1 A TJ1 A A 

CoA — CIA — 1 1 1 A A 


ny.3 


pi A pi A P 1 A 

C3 A — CZA — C 1 A 


ny.z (3) 


PI A PI A I I") A A 

C3A — CZA — 1 IZAA 


1 in a 
1ZU.4 


p 1 A PI A I n A A 

C 1 A — CZA — hlZ AA 


1 on /i 
1ZU.4 


PI A PI A p A A 

CZA — C3A — C4A 


121.3 (3) 


pi A PQ A pi 1 A 

CZA — C3 A — CI 1 A 


1ZU.Z (Z) 


P/1 A pQ A PI 1 A 

C4A — C3A — C11A 


1 1 O 1 /lA 

Ho.3 (zj 


PI A P/1 A PC A 

C3A — C4A — CjA 


1 1 o o n\ 
llo.o (3) 


PQ A P/1 A I 1/1 A A 

C3A — C4A — H4AA 


1ZU.0 


PC A P/1 A I 1/1 A A 

CjA — C4A — H4AA 


1ZU.0 


P/1 A PC A P£ A 

C4A — CjA — Co A 


III. 2 yl) 


P/1 A PC A I I C A A 

C4 A — C J A — rl J A A 


1 1 n a 

i iy.4 


P£ A PC A T_JC A A 

CoA — CjA — 1 1 J A A 


i in i 

i iy.4 


PC a p/: a pi a 
CjA — CoA — C 1 A 


I 1 7 Q C1\ 

I I /.y (3 j 


PC A P£ A P*7 A 

CjA — CoA — C / A 


IZZ.y (2) 


pi A p/T A P*7 A 

CIA — CoA — C /A 


ny.z (zj 


r\ i a n a P£ a 
<J1A — C / A — CoA 


111 o /i\ 

1Z1 .o (2) 


p i a P*7 A PO A 

<J1A — C / A — CoA 


IZl .3 (2) 


p / a P*7 A PO A 

CoA — C / A — CoA 


1 1 ^ o c ^1 n\ 
llo.OJ (iy) 


m A PO A P*7 A 

<JZA — CoA — C / A 


1 no /in ( 1 n\ 
1U0.4U (iy) 


PI A PO A lit) A A 

<JZA — CoA — hloAA 


1 i n n 
11U.U 


P*7 A PO A 1 TO A A 

C / A — CoA — 1 LoAA 


1 1 n n 
1 1U.U 


m A PO A TTO A I) 

<JZA — CoA — hloAB 


1 1 n n 
11U.U 


P*7 A PO A TTO A I » 

C / A — CoA — hlo Ad 


1 1 n n 
11U.U 


1 III A A PO A UO AD 

1 LoAA — CoA — hloAB 


1 no a 
lUo.4 


pi A PO A PI A 

<J3A — CVA — <JZA 


1 n n /i\ 

izz.y yl) 


PI A PA A P 1 A A 

03 A — C9 A — C 1 OA 


1 1 c n /i\ 

125.9 (2) 


02A — C9 A — C 1 OA 


111.19(19) 


C11A— C10A— C15A 


116.9(2) 


C11A — C10A — C9A 


121.5 (2) 


C 1 5 A — C 1 OA — C9A 


121.5 (2) 


F1A — C11A — C12A 


117.3 (2) 



P/TD pan 

CoB — C / B 


1 A "71 //1\ 

1 .4 11 (4) 


P*7D POO 

C Id — CoB 


1 cn/i ( a\ 
1.JU4 (4) 


POO TJTOD A 

CoB — HoBA 


n n*7nn 

u.y /UU 


POD T.JOOO 

CoB — HoBB 


n Q7nn 
u.y /UU 


pno p 1 no 
cyB — C 1 UB 


1 A "7*7 (A \ 
1 .4 / / (4) 


p i no pi i o 
C1UB — CI IB 


1 ion ( a\ 
1.3oU (4) 


p i no p i co 
C1UB — CI jB 


1 101 ( A\ 

1.3oZ (4) 


P 1 1 O P 1 ID 

CI IB — C1ZB 


1 i cn (a \ 
1.3JU (4) 


V 1 _ I _> V 1 JJJ 


1 (A i 

l .JO j y-t f 


C12B — H12B 


0.9300 


C13B — C14B 


1.378 (5) 


C14B — C15B 


1.360 (4) 


C14B — H14B 


0.9300 


C15B — H15B 


0.9300 


pno pid poo 
CyB — <JZB — CoB 


11 0.3 (Z) 


PID P1D P£D 

CZB — C 1 B — CoB 


in n 
1Z1.U (3) 


PID P1D I I 1 D A 

CZB — C 1 B — hi 1 BA 


1 1 A C 


pi/rn P1D 1 1 1 n A 

C oB — C 1 B — hi 1 B A 


1 1 n c 

ny.j 


PID PID PID 

C IB — CZB — C3B 


ny.3 (3) 


P1D PIO T_J1D A 

C 1 B — CZB — hlZB A 


1 in /i 
1ZU.4 


PTD PID TT1D A 

C3B — CZB — HZBA 


120.4 


P/1D PID PID 

C4B — C3B — CZB 


111 i ^ 
121.2 (3) 


p /l D PIO PI 1 D 

C4B — C3B — CI 1 B 


1 in n /i \ 
1ZU.U (Z) 


PIO PID PI 1 D 

CZB — C3B — CI 1 B 


1 1 o o /1\ 

1 lo.o (Z) 


PID P/IO PCD 

C3B — C4B — CjB 


1 1 A /I \ 

ny.4 (3) 


PID P/1D I I | I) A 

C3B — C4B — hl4BA 


1 in i 
1ZU.3 


PCD P/1D 1 I 1 1) A 

CjB — C4B — rl4BA 


1 in i 
1ZU.3 


P/ID PCD P/CD 

C4B — CjB — CoB 


111 1 /"3\ 

121. z (3) 


P/IO PCD TJTCD A 

C4B — CjB — H3BA 


1 1 n /i 

i iy.4 


pi/rn PCD TJTCD A 

CoB — CjB — H3BA 


1 1 A A 

i iy.4 


PID P£D PCO 

C1B — CoB — CjB 


1 1 o n /"3\ 
llo.U (3) 


p 1 o P£D P*7D 

C1B — CoB — C Id 


1 1 O A /1\ 

iio.y (Z) 


PCD P£D P*7D 

CjB — CoB — C /B 


i n i /i\ 

1Z3.1 (Z) 


PID P*7D P£D 

<J 1 B — C / B — CoB 


1 ii i ii\ 
iZZ.Z (3) 


Ain pan POD 

<J1B — C Id — CoB 


1 1 A 1 /I \ 

ny.3 (3) 


P£D P*7D POO 

CoB — C / B — CoB 


1 1 O A /1\ 

1 lo.4 (Z) 


PID POO PTD 

<JZB — CoB — C / B 


111 /1\ 
lll.O (Z) 


PID POO TJTOD A 

<JZB — CoB — hloBA 


1 nn i 

iuy.3 


P*7D POD HOD A 

C Id — CoB — hloBA 


1 nn i 

iuy.3 


PID POO TJTODD 

OZB — CoB — hloBB 


1 nn i 

iuy.3 


S "l\~y POO TJTODD 

C Id — CoB — hloBB 


1 nn i 

iuy.3 


TJTOD A POO TJTODD 

hloBA — CoB — hloBB 


1 no n 
lUo.U 


PID pnn mn 

<J3B — CyB — UZB 


111 c \ 

IZZ.j (3) 


PTD PAD P 1 no 

03B — C9B — C 1 0B 


1 n o \ 

123.8 (3) 


02B — C9B — C 1 OB 


113.6 (2) 


CUB— C10B— C15B 


115.6 (3) 


CUB— CI OB— C9B 


126.2 (2) 


C15B— C10B— C9B 


118.2 (2) 


C12B— CUB— FIB 


117.0 (3) 
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F1A — C11A — C10A 119.5(2) 

C12A— C11A— ClOA 123.2(2) 

C13A— C12A— C11A 117.0(3) 

C13A— C12A— H12A 121.5 

C11A— C12A— H12A 121.5 

F2A— C13A— C14A 118.7(3) 

F2A— C13A— C12A 118.1 (3) 

C14A— C13A— C12A 123.2(3) 

C13A— C14A— C15A 118.7(3) 

C13A— C14A— H14A 120.7 

C15A— C14A— H14A 120.7 

C14A— C15A— ClOA 121.0(3) 

C14A— C15A— H15A 119.5 

ClOA— C15A— H15A 119.5 

C6A— CIA— C2A— C3A -1.6(5) 

CIA— C2A— C3A— C4A -0.9 (5) 

CIA— C2A— C3A— C11A 176.8(2) 

C2A— C3A— C4A— C5A 2.6 (4) 

C11A— C3A— C4A— C5A -175.1 (2) 

C3A— C4A— C5A— C6A -1-8(4) 

C4A— C5A— C6A— CIA -0.5 (4) 

C4A— C5A— C6A— C7A 178.1 (2) 

C2A— CIA— C6A— C5A 2.3 (4) 

C2A— CIA— C6A— C7A -176.4(3) 

C5 A — C6 A — C7 A — 0 1 A 167.5 (2) 

CIA— C6A— C7A— OlA -13.9 (4) 

C5A— C6A— C7A— C8A -14.2 (3) 

CIA— C6A— C7A— C8A 164.4 (2) 

C9A— 02A— C8A— C7A 171.1 (2) 

OlA— C7A— C8A— 02A 4.4 (3) 

C6A— C7A— C8A— 02A -173.96 (19) 

C8 A— 02 A— C9 A— 03 A 1 . 6 (4) 

C8A— 02A— C9A— ClOA -178.4 (2) 

03A— C9A— ClOA— C11A 16.9(4) 

02A— C9A— C 1 OA— C 1 1 A - 1 63 . 1 (2) 

03A— C9A— ClOA— C15A -164.6(3) 

02A— C9A— C 1 OA— C 1 5 A 1 5 .4 (3) 

C15A— ClOA— C11A— F1A -177.9(2) 

C9A— ClOA— C11A— F1A 0.7(4) 

C15A— ClOA— C11A— C12A 1.1 (4) 

C9A— ClOA— C11A— C12A 179.7(2) 

F1A— C11A— C12A— C13A 178.9(3) 

ClOA— C11A— C12A— C13A -0.2(4) 

C11A— C12A— C13A— F2A -179.8(2) 

C11A— C12A— C13A— C14A 0.1(4) 

F2 A — C 1 3 A — C 1 4 A — C 1 5 A 178.8(2) 

C12A— C13A— C14A— C15A -1.1 (4) 

C13A— C14A— C15A— ClOA 2.1 (4) 

C11A— ClOA— C15A— C14A -2.1(4) 



C12B— CUB— C10B 123.9(3) 

FIB— CUB— C10B 119.1 (3) 

CUB— C12B— C13B 117.6(3) 

CUB— C12B— H12B 121.2 

C13B— C12B— H12B 121.2 

F2B— C13B— C12B 118.6(3) 

F2B— C 1 3B— C 1 4B 119.0(3) 

C12B— C13B— C14B 122.3 (3) 

C15B— C14B— C13B 117.3(3) 

C15B— C14B— H14B 121.3 

C13B— C14B— H14B 121.3 

C14B— C15B— C10B 123.3 (3) 

C14B— C15B— H15B 118.4 

C10B— C15B— H15B 118.4 

C6B — C 1 B — C2B — C3B 0.4(5) 

C1B — C2B — C3B — C4B -1.3(5) 

C1B — C2B — C3B — CUB 179.1 (3) 

C2B — C3B — C4B — C5B 1.1 (5) 

CUB— C3B— C4B— C5B -179.3 (3) 

C3B — C4B — C5B — C6B -0.1 (5) 

C2B — C 1 B — C6B — C5B 0.5 (4) 

C2B — C 1 B — C6B — C7B -178.6(3) 

C4B — C5B — C6B — C1B -0.7(4) 

C4B — C5B — C6B — C7B 178.4 (3) 

C1B— C6B— C7B— OIB -6.7(4) 

C5B — C6B — C7B — 0 1 B 174.1 (3) 

C1B — C6B — C7B — C8B 170.9 (3) 

C5B — C6B — C7B — C8B -8.2 (4) 

C9B — 02B — C8B — C7B 75.9 (3) 

OIB— C7B— C8B— 02B -2.8 (4) 

C6B — C7B — C8B — 02B 179.4 (2) 

C8B — 02B — C9B — 03B 2.2 (4) 

C8B — 02B — C9B — C 1 OB -179.9(2) 

03B— C9B— C10B— CUB -176.8(3) 

02B — C9B — C 1 OB— C 1 1 B 5 .3 (4) 

03B — C9B — C 1 OB— C 1 5B 5 .4 (4) 

02B — C9B — C 1 OB — C 1 5B -172.5 (2) 

C15B— C10B— CUB— C12B 2.1 (4) 

C9B— C10B— CUB— C12B -175.8(3) 

C15B— C10B— CUB— FIB -176.4(3) 

C9B— C 1 OB— C 1 1 B— F IB 5 .7 (4) 

FIB— CUB— C12B— C13B 177.6(3) 

C10B— CUB— C12B— C13B -0.9(5) 

CUB— C12B— C13B— F2B -179.2(3) 

CUB — C12B — C13B — C14B -0.5(5) 

F2B— C13B— C14B— C15B 179.2 (3) 

C12B— C13B— C14B— C15B 0.5 (5) 

C13B— C14B— C15B— C10B 0.9 (5) 

CUB— C10B— C15B— C14B -2.1 (4) 
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C9 A — C 1 OA — C 1 5 A — C 1 4A 179.4(2) C9B— ClOB— C15B— C14B 176.0(3) 
Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D—A D—H-A 

C8A— H8AB-03B 0.97 2.60 3.451 (4) 147 

C8 A — H8 AA ■ 0 1 B' 0.97 2.42 3.294 (3) 149 

C5B — H5BA— 03A" 0.93 2.50 3.376 (4) 158 

C8B — H8BB—03A" 0.97 2.58 3.415 (3) 144 

C14B— H14B-01A m 0.93 2.59 3.216 (5) 125 
Symmetry codes: (i) x, y-\, z; (ii) -x+\,y+l/2, -z+3/2; (iii) -x+l, -y+l, -z+2. 
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Fig. 2 
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